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ENGINE IGNITION CONTROL 

BACKGROUND OF THE INVENTION 

This invention relates to an engine ignition control and 
more particularly to an improved arrangement for control 
ling the spark timing of an engine during start-up conditions. 
As is well known, spark-ignited internal combustion 

engines incorporate a spark advance system which is pro 
vided for controlling the time of ?ring of the spark plug in 
response to engine running conditions. As should be readily 
apparent, the optimum time of spark plug ?ring is important 
to ensure good engine performance. 

It is well lmown that the optimum spark timing for an 
engine depends upon a variety of factors and primarily upon 
the load on the engine and the engine speed. Therefore, 
many types of conventional engine ignition systems include 
a spark advance mechanism that interrelates with the throttle 
valve of the engine so as to adjust the spark timing in 
response to the throttle valve position. The throttle valve 
position is directly related to the engine load, as should be 
readily apparent. 
Most of these spark timing systems include a linkage 

system that is interrelated between the throttle mechanism 
and the spark advance mechanism. The spark advance 
mechanism normally includes a pulser coil mounted on a 
timing plate in proximity to the engine output shaft. This 
timing plate is rotatably adjusted and cooperates with a 
permanent magnet a?ixed to the engine output shaft for 
generating a pulse signal at a speci?c crankshaft angle. By 
interrelating the movement of the timing plate and the 
throttle valve, the appropriate spark timing may be gener 
ated for a given engine load condition. 
Although these systems are particularly useful and 

eifective, there are some running conditions wherein the 
spark timing provided by this mechanism is not optimum. 
For example, when starting a cold engine it is frequently 

the practice to maintain the engine throttle valve in a 
partially opened condition. This provides more rapid warm 
up and smoother running during the warm-up phase. 
However, when the spark timing is interrelated with the 
throttle control, then the spark timing at warm-up will not be 
the appropriate spark timing. 

It is, therefore, a principal object of this invention to 
provide an improved spark timing control for an internal 
combustion engine. 

It is a further object of this control to provide a relatively 
simple and yet highly effective spark timing control for an 
engine wherein the spark timing may be optimally set during 
starting and warm-up conditions. 

It is a further object of this invention to provide improved 
spark timing control and method for an engine for operation 
during starting and warm-up which will provide the desired 
degree of spark timing and regardless of the position of the 
throttle valve. 

SUMMARY OF THE INVENTION 

This invention is adapted to be embodied in an engine 
control system and method for a spark-ignited internal 
combustion engine that has at least one combustion cham 
ber. An induction system is provided for delivering at least 
an air charge to the combustion chamber. A throttle valve is 
provided in the induction system for controlling the ?ow 
therethrough. A spark plug is provided for ?ring a charge in 
the combustion chamber. An ignition system is provided for 
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2 
?ring the spark plug. The engine has an output shaft that is 
driven by combustion in the combustion chamber and the 
ignition system includes a pulser coil that is supported for 
movement on a timing plate and which is juxtaposed to the 
engine output shaft for generating a signal indicative of 
engine output shaft angle. Spark control means are provided 
for interrelating the movement of the timing plate and the 
throttle valve for changing the timing of the pulser coil 
output in response to the position of the throttle valve for 
maintaining the desired spark timing in relation to engine 
load. 

In accordance with an apparatus for practicing the 
invention, means are provided for providing an indication of 
a condition when the position of the throttle valve will not 
be indicative of the desired spark timing. In response to this 
condition, another timing pulse is generated that is offset 
signi?cantly from the normal timing pulse. Means are pro 
vided for calculating the optimum spark timing from engine 
conditions and counting means are employed for counting 
the timing from the other timing pulse until the desired 
timing. The spark plug is then ?red at that desired timing. 

In accordance with a method for practicing the invention, 
the engine running conditions are sensed and when it is 
determined that the engine running condition is not truly 
represented by the throttle valve position, another timing 
pulse is generated by the ignition system. Means are pro 
vided for determining the optimum timing for ?ring the 
spark plug. A count is begun when the other spark signal is 
given and the spark plug is ?red at that optimum time after 
the other spark signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial side elevational view of a portion of an 
outboard motor constructed and operated in accordance with I 
an embodiment of the invention, with the protective cowling 
shown in phantom and other portions broken away and 
shown in section. 

FIG. 2 is an enlarged top plan view of the outboard motor, 
with a portion of the ?ywheel magneto system broken away 
and shown in section. 

FIG. 3 is a further enlarged cross-sectional view taken 
through the timing mechanism of the ?ywheel magneto 
assembly. 

FIG. 4 is a schematic view showing the interrelationship 
of the components of the spark advance system. 

FIG. 5 is a graphical view showing how the spark timing 
varies with a conventional system and how the spark timing 
is controlled in accordance with the invention during start 
up operation. 

FIGS. 6A-6E are a graphical view showing certain output 
signals from the ignition system components and depicts 
how the optimum spark timing is set during start-up. 

FIG. 7 is a block diagram showing the control routine for 
setting the spark timing. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 

Referring now in detail to the drawings and initially to 
FIGS. 1-3 and primarily initially to FIG. 1, an outboard 
motor constructed and operated in accordance with an 
embodiment of the invention is shown partially and is 
identi?ed generally by the reference numeral 11. The inven 
tion is described in conjunction with an outboard motor 
because the invention has particular utility in setting the 
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spark timing for two-cycle crankcase compression internal 
combustion engines. Such engines are frequently employed 
in conjunction with outboard motors and, therefore, the 
illustrated environment is one in which the invention may be 
typically found 

Although the invention is directed primarily to ignition 
control systems for such engines, it will be readily apparent 
to those sln'lled in the art that the invention may be practiced 
in conjunction with other types of engines, such as four 
cycle, spark-ignited internal combustion engines. In 
addition, the particular con?guration for the engine which 
will be described is to be considered only typical of those 
with which the invention may be employed. It will be readily 
apparent to those skilled in the art, how the invention can be 
employed with engines having other con?gurations. 
The outboard motor 11 is comprised of a power head that 

consists of a powering internal combustion engine, shown 
primarily in side elevation in FIG. 1 and identi?ed generally 
by the reference numeral 12. As is typical with outboard 
motor practice, the engine 12 is supported so that its output 
or crankshaft 13 rotates about a vertically extending axis. 
The power head is completed by a protective cowling which 
encircles the engine 12 and which is shown in phantom only 
in FIG. 1 and is identi?ed by the reference numeral 14. 
The vertical disposition of the engine output shaft 13 

permits it to be coupled to a drive shaft (not shown) that 
extends vertically downwardly from the power head through 
a drive shaft housing and into a lower unit, neither of which 
is shown. In this lower unit, the drive shaft drives a propul 
sion device such as a propeller through a conventional 
forward/neutral/reverse transmission, as is well known in 
this art. Since the invention deals primarily with the engine 
12 and the control therefore, the remaining components of 
the outboard motor are not illustrated and may be of any 
conventional nature. 

The engine 12 includes a cylinder block 15 in which 
combustion chambers are formed by cylinder bores, pistons 
reciprocating in these cylinder bores and a cylinder head 
assembly 16 that is a?ixed to the cylinder block 15 in any 
known manner. Since the internal details of the engine 12 
form no part of the invention, these components are not 
illustrated and will not be described any further. Again, those 
skilled in the art will readily understand how the engine 12 
may be constructed in any type lmown in the prior art. 
The pistons afore-referred to are connected by means of 

connecting rods to the crankshaft 13 for driving it. In the 
illustrated embodiment, the engine 12 is depicted as being of 
the two-cylinder in-line type and, therefore, a pair of spark 
plugs 18 are mounted in the cylinder head 16 and have their 
spark gaps extending into the combustion chambers. The 
spark plugs 18 are ?red in a manner which will be described 
The crankshaft 13 rotates in a crankcase chamber formed 

by the cylinder block 15 and by a crankcase member 19 that 
is af?xed thereto. As is typical with two-cycle crankcase 
compression engine practice, the individual crankcase 
chambers associated with each of the cylinder bores of the 
engine are sealed from each other in a known manner. 
An induction system, indicated generally by the reference 

numeral 21 is provided for supplying a fuel air charge to 
these sealed crankcase chambers. This induction system 
includes an air inlet device 22 that draws atmospheric air 
from within the protective cowling 14 and delivers to a pair 
of charge formers such as carburetors 23. These carburetors 
23 each have induction passages in which throttle valves 24 
are positioned. The throttle valves 24 control the ?ow of air 
through the induction system 21 in a manner known in this 
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4 
art. The manner in which the throttle valves 24 are operated 
will be described later. 
The carburetors 23, in turn, deliver the fuel air charge to 

a pair of intake manifolds 25 which, in ttn'n, serve the 
individual crankcase chambers associated with each of the 
cylinder bores. This charge is admitted through reed type 
check valves so as to ?ow into the crankcase chambers when 
the volume therein is increasing and to permit the compres 
sion of the charge therein when the pistons move down 
wardly in the cylinder bores. As is well known, this com 
pressed charge is then transferred to the combustion 
chambers through scavenge passages and is ?red by the 
spark plugs 18. 
The mechanism for controlling the position of the throttle 

valves 24 includes a bowden wire actuator 26 which is 
remotely operated by the operator of the outboard motor 11 
in a known manner. This bowden wire actuator 26 is 
connected by means of a connector 27 to a spark and throttle 
control mechanism, indicated generally by the reference 
numeral 28 and which is mounted on the side of the cylinder 

‘ block 15 by means of a pivot bolt 29. 

A?rst throttle control lever 31 is connected directly to the 
bowden wire actuator 26 and, in turn, operates a throttle 
control link 32 to which it is pivotally connected at one end. 
This throttle control link 32 operates a throttle cam 33 that 
is pivotally mounted on one of the intake manifolds 25 by a 
pivot bolt 34. The throttle control cam 33 cooperates with a 
follower 35 that is a?ixed to a throttle control lever 36 
associated with one of the carburetor throttle valves 24 for 
rotatably positioning it. 

Atiming link37 interconnects the throttle control lever 36 
of one of the carburetors 23 with a throttle control lever 38 
of the remaining carburetor so that both throttle valves 24 
will be operated in unison. 
The throttle and spark control mechanism 28 also is 

coupled with the engine ignition system for controlling the 
time of ?ring of the spark plugs 18. This ignition system 
includes a ?ywheel magneto, indicated generally by the 
reference numeral 39, which is af?xed to the upper end of 
the engine crankshaft 13 by means of a key 41 and retaining 
nut 42. 
The ?ywheel magneto 39 carries a plurality of arcuately 

shaped permanent magnets 43 which are spaced around the 
inner periphery of the ?ywheel magneto 39 in a manner as 
well known in this art. These permanent magnets cooperate 
with charging coils 44 that are mounted on the upper side of 
the cylinder block 15 by means of mounting posts 45. As the 
permanent magnets 43 rotate, an electrical charge will be 
generated in the charging coils 44 which are utilized to 
charge a battery (not shown) and also to provide a charge for 
the ignition system for charging a capacitor thereof, in the 
event a CD1 ignition system is incorporated. 
Mounted on the upper end of the cylinder block 15 

upwardly of a bearing 46 which journals the crankshaft l3 
and an adjacent seal 47 there is provided a timing ring or 
plate 48. This timing plate 48 is rotatably journaled by a 
means of a pair of plane bearings 49 and 51 and is held in 
place by means of a retainer plate 51 which is held in place 
by the threaded fasteners 45 for the charging coils 44. The 
timing plate 48 has a hub portion 58 that is journaled on the 
cylinder block 15 in a manner well know in this art. 
A pulser coil 59 is mounted on an extending portion 61 of 

the timing plate 48 and is formed adjacent the outer periph 
ery of the ?ywheel magneto 39. Each time a permanent 
magnet 43 passes the pulser coil 59 a pulse signal will be 
generated that is related to the angular position of the 
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crankshaft 13, as should be readily apparent. This trigger 
pulse is employed for ?ring the spark plugs 18 in a manner 
well lmown in this art. 

A throttle control lever 62 has a spring biased lost motion 
connection 63 with the throttle control lever 31. A link 64 
pivotally connects the timing control lever 62 with the 
timing plate 48 so as to rotate it to an angular position that 
is dependent upon the position of the throttle valves 24. 
Conventionally, a system is employed wherein during initial 
rotation of the throttle valves 24 the spark timing is varied 
at a linear fashion up until a predetermined point. Thereafter, 
spark timing may be held ?xed, increased at a decreasing 
rate or actually retarded depending upon the desired engine 
characteristics. Such conventional timing curves are shown 
in FIG. 5. For most engine running conditions, this system 
is totally e?’ective. 

However, when cold starting operation occurs. it is the 
normal practice to hold the throttle valve 24 in a partially 
opened position so as to provide quicker warm up. However, 
this will result in spark advance which is too premature and 
hence engine running will not be as smooth or as e?icient as 
desired. Therefore, the ignition circuit is provided with an 
additional system whereby another timing technique is in 
employed during this cold start up operation. This additional 
system is comprised of a means that provides a surface 
discontinuity 65 on the ?ywheel magneto surface 66 which 
will generate a pulse signal in the pulser coil‘ 59’ that is well" 
retarded from the conventional timing signal and regardless 
of the angular position of the timing plate 48. 

In addition, there is provided a starter gear 67 on the 
?ywheel magneto 43 that cooperates with a starter motor for 
engine starting. This starter gear 66 is associated with a 
further pulser coil 68 which will output a signal each time 
one of the teeth of the starter gear 67 passes and thus provide 
an indication of actual angular position of the crankshaft. 
This system coupled with the surface continuity 65 is 
employed for controlling spark advance during cold starting 
and cold warm up, as will become now apparent. 

Basically the way the system operates is that the spark 
timing, controlled by an ignition circuit indicated schemati 
cally in FIG. 4 by the reference numeral 69 and which has 
a control unit 71 provides spark timing based upon the 
function of the location of the timer plate and speci?cally the 
pulser coil trigger signal during normal engine running. 
However, during starting and during initial warm up, the 
alternate output of the pulser coil 59 caused by the surface 
discontinuity 65 is employed for controlling the spark tim 
mg. - 

This is because the spark timing would be too far 
advanced if the position of the pulser coil 59 were employed 
for spark timing as may be seen in the broken line view of 
FIG. 5. It will be seen that the normal advance position of 
the throttle during warm up would call for a spark advance 
16° before normal or as much as 30° before top dead center 
and this would not permit good starting. 

Therefore, under starting conditions the alternate output 
generated by the pulser coil 59 is employed for initiating a 
time interval from which spark timing is calculated. A look 
up map is employed for setting the optimum spark timing 
and then the output from the crank angle sensor 68 is 
processed by the control unit 71 and speci?cally by a crank 
angle calculating section 72 which outputs the actual crank 
angle at the time of the trigger signal. 

This signal is then transmitted to the ignition timing 
control circuit 73 wherein the actual timing of ?ring of the 
spark plugs 1 and 2 is determined and the spark coil, 
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6 
indicated schematically at 74 associated with each spark 
plug is ?red at the appropriate crank angle. There are a 
number of maps preprogrammed into the ignition timing 
control 73 and these include an engine speed advance 
control map 75, a start advance control map 76 and a warm 
up advance control map 77. These maps will be described 
later in more detail when the actual routine is described. 

Referring now to FIG. 5, this ?gure shows in dot-dash line 
the normal ignition timing curve with respect to time as the 
engine is run through a cycle. In accordance with the 
invention, the spark timing which would exist during fast 
idle and which might be as much as 30° top dead center is 
limited to a maximum starting angle, for example, 10° 
before top dead center during the time when the starter 
motor is operated. This timing control is limited up until 
approximately one second after the starter motor is stopped 
cranking and during this time period the spark advance is set 
by engine temperature. 

Thereafter, the program moves to normal spark advance 
control dependent upon the position of the pulser coil, 
which, as has been noted, depends upon throttle valve 
position. In this way, the spark advance can be accurately 
controlled and will be set optimum for all conditions includ 
ing cranking and cold warm up. 
The way the spark advance is controlled during this time 

period may be understood by reference to the graphical view 
of FIG. 6. In this ?gure, the output of the pulser coil is shown 
at a. and the output of the charging coil is shown at b. The 
surface discontinuity 65 on the ?ywheel causes a pulse to be 
generated when it passes the pulser coil at the point in time 
a with these pulses being shown respectively at T1, T1‘, etc. 
The ?ring of the actual ignition timing is indicated at curve 
d. The pulser outputs from the pulser coil 68 are shown by 
the curve e. 

Basically, when operating at the start up conditions, the 
normal output of the pulser coil is ignored and the output 
pulse T1 when the discontinuity 65 passes the pulser coil 59 
is employed to start a ?xed timing interval for determining 
the time 9 when the spark plug should be next ?red. This 
time 9 is determined by the di?erence between the total 
angle and the angle 6a when the pulser coil alternate output 
pulse is received. In order to measure the crank angle to ?re 
the spark plug at the appropriate time, the pulser signal 
outputs from the pulser coil 68 are summed until the angle 
9 is reached and then the spark plug is ?red. 
The actual control routine by which the system operates 

will now be described by primary reference to FIG. 7. Once 
the program starts, it moves to the Step S1 so as to read 
certain conditions, speci?cally, the engine temperature from 
an engine temperature, the condition of the engine starter 
switch and also the engine speed. The program then moves 
to the Step S2 to determine if the engine operation is in the 
start advance control range. This condition exists when the 
starter switch has been turned on and is still within the time 
period of one second from its being discontinued. In order 
words, if the engine is in the starting mode, the program will 
progress to the Step S4 to execute the starting mode control. 
If, however, the engine is no longer in the starting mode, 
then the program moves to the Step S3 to provide normal 
spark timing based upon the normal pulser output signals 
solely. 

If, however, the engine has been determined to be in the 
starting advance control range at the Step S2, the program 
then moves to the Step S4 so as to read the crank angle at 
which the pulser coil 59 outputs its signal. The time at which 
the pulser coil 59 outputs its signal and the crank angle is 
read is labelled T1 in FIG. 6. 
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The program then moves to the Step S5 so as to read the 
time when the edge 65 of the ?ywheel passes the pulser coil 
59 and give the output pulse indicated at Curve C illustrated 
in FIG. 6 The time at which the edge 65 of the ?ywheel 
passes the pulser coil 59 is labelled point A in FIG. 6. This 
time is at a time interval T1 after the time when the pulser 
coil has output its normal signal. 
The program then moves to the Step S6 so as to actually 

compute the time interval T1 between the output of the 
pulser coil and the time when the step on the ?ywheel passes 
the pulser coil 59. The program then moves to the Step S7 
so as to convert the time period T1 into a crank angle 9a 
based upon the engine speed. The program then moves to the 
step S8 so as to determine the actual crank angle 91 at which 
the pulser coil outputs its normal signal, and this is deter 
mined by subtracting from 60 the value 9a. 
The program then moves to the step S9 to read from a 

look-up table for engine speed and appropriate advance 
angle, this table being that map or table referred to previ 
ously at 75 in FIG. 4. This is the advance angle for the 
warm-up or start control. The program then moves to the 
step S9 to count the crank angle sensor pulses from the crank 
angle sensor 68 until the time 92 is reached. Then the 
program moves to the step S11 so as to ?re the spark plug. 
This program is repeated during the warm-up mode, as 
should be readily apparent. 

Also, it may be that at the step where the appropriate spark 
timing is set that this spark timing will be a timing based 
upon engine temperature. As may be seen in the following 
chart, optimum spark timing for ambient temperature is also 
determined during the start-up mode so that the spark angle 
will be appropriate for the engine temperature: 

Engine Temp Spark Advance 

—5‘‘ C. or lower +14° 
—-5° C. +14“ 
10° C. +9° 
25° C. +5“ 
35° C. standard advance at 9° 

35° C. or higher standard advance at 9° 

Thus, from the foregoing description, it should be readily 
apparent that the described spark advance mechanism pro 
vides a very simple and yet highly elfective way that the 
spark timing can be set optimum for the start-up mode of an 
internal combustion engine. This is done even though the 
actual spark advance timing set by the manual spark advance 
will be inappropriate for the running condition. However, 
switch over to normal control is easily accomplished once 
the starting routine is over. 
Of course, it will be readily apparent to those skilled in the 

art that the foregoing description is that of the preferred 
embodiment of the invention. Various changes and modi? 
cations may be made without departing from the spirit and 
scope of the invention, as de?ned by the appended claims. 
What is claimed is: 
1. An engine control system for a spark-ignited internal 

combustion engine having at least one combustion chamber, 
an induction system for delivering at least an air charge to 
said combustion chamber, a throttle valve in said induction 
system for controlling the ?ow therethrough, a spark plug 
for ?ring a charge in said combustion chamber, an ignition 
system for ?ring said spark plug, an engine output shaft 
driven by combustion in said combustion chamber, said 
ignition system comprising a pulser coil supported for 
movement on a timer plate and juxtaposed to said engine 

10 

15 

25 

35 

45 

50 

55 

65 

8 
output shaft for generating a ?rst timing signal indicative of 
engine output shaft angle, speed controlling means for 
inter-relating the movement of said timing plate and said 

,throttle valve for changing the timing of said pulser coil 
output in response to the position of said throttle valve, 
means for providing an additional timing signal having an 
angle differing from that of the ?rst timing signal generated 
by said pulser coil at that same time, means for sensing an 
engine condition when spark timing should not be deter 
mined by the position of the speed control means, and means 
for computing an alternate spark timing from said additional 
spark timing signal under such engine conditions. 

2. The engine control system of claim 1, wherein the 
engine is provided with starting means and starter switch 
means for operating said starting means and wherein the 
alternate spark timing is utilized during the time when the 
starter switch is turned on. 

3. The engine control system of claim 2, wherein the 
alternate spark timing is followed for a given time period 
after the starter switch is turned 01f. 

4. The engine control system of claim 1, wherein the 
alternate spark timing is chosen from a map of certain engine 
conditions. 

5. The engine control system of claim 4, wherein the map 
of engine conditions includes a map of engine speed. 

6. The engine control system of claim 4, wherein the map 
of engine conditions comprises a map of spark timing versus 
engine temperature. 

7. The engine control system of claim 1, wherein the 
pulser is associated with a ?ywheel magneto and the addi 
tional spark timing signal is given by forming a disconti 
nuity on the periphery of said ?ywheel. 

8. The engine control system of claim 7, wherein the 
discontinuity is formed at a point after the pulser coil is 
normally triggered. 

9. An engine control method for a spark-ignited internal 
combustion engine having at least one combustion chamber, 
an induction system for delivering at least an air charge to 
said combustion chamber, a throttle valve in said induction 
system for controlling the ?ow therethrough, a spark plug 
for ?ring a charge in said combustion chamber, an ignition 
system for ?ring said spark plug, an engine output shaft 
driven by combustion in said combustion chamber, said 
ignition system comprising a pulser coil supported for 
movement on a timer plate and juxtaposed to said engine 
output shaft for generating a ?rst timing signal indicative of 
engine output shaft angle, speed controlling means for 
inter-relating the movement of said timing plate and said 
throttle valve for changing the timing signal angle of said 
pulser coil output in response to the position of said throttle 
valve, said method comprising the steps of providing an 
additional timing signal having an angle which differs 
substantially from the angle of the ?rst timing signal gen 
erated by said pulser coil at that same time, sensing an 
engine condition when spark timing should not be deter 
mined by the position of the speed control means, and 
computing an alternate spark timing from the additional 
spark timing signal under such engine conditions. 

10. The engine control method of claim 9, wherein the 
engine is provided with starting means and starter switch 
means for operating said starting means and wherein the 
alternate spark timing is utilized in response to the starter 
switch being turned on. 

11. The engine control method of claim 10, wherein the 
alternate spark timing is followed for a given time period 
after the starter switch is turned off. 

12. The engine control method of claim 9, wherein the 
alternate spark timing is chosen from a map of certain engine 
conditions. 
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13. The engine control method of claim 12 wherein the other spark timing signal is given by forming a discontinuity 
map of engine conditions includes a map of engine speed. on the periphery of the ?ywheel. 

14. The engine control method of claim 12, wherein the 16. The engine control method of claim 15. wherein the 
map of engine conditions comprises a map of spark timing discontinuity is formed at a point after the pulser coil is 
versus engine temperature. 5 normally triggered. 

15. The engine control method of claim 9, wherein the 
pulser coil is associated with a ?ywheel magneto and the * * * * * 
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